Rubella virus specific hemagglutinating antigen was prepared in the fluid phase of suspension cultures. Systems employing baby hamster kidney culture adapted inocula, nonadapted inocula, and cells derived from long-term infected suspension cultures were evaluated. Optimal specific hemagglutinating titers were obtained when kaolin-treated fetal bovine serum was used in the media and when the incoulum had previously been adapted in a suspension culture system. When cultures derived from long-term infected suspension systems were studied, the number of daily harvests in which acceptable titers were present was prolonged. However, titers were generally higher in suspension systems employing cells which had recently been infected. The present studies describe a method for preparing rubella virus hemagglutinating antigen in the fluid phase of suspension cultures with daily harvests for a prolonged period.
The development of a rubella virus, hemagglutinating antigen in baby hamster kidney (BHK-21) monolayer cultures has recently been reported (10) . Schell et al. (6) demonstrated that continuous baby hamster kidney monolayer cultures supported the growth of rubella virus and that complement-fixing antigen could be prepared from such cultures. Vaheri et al. (11) observed that BHK-21 suspension cultures supported rubella virus growth. P. Halonen et al. (Bacteriol. Proc., p. 165, 1967) described the development of rubella hemagglutinating antigen in suspension culture cell pack preparations harvested at 7 days.
The present studies describe a method for preparing rubella virus hemagglutinating antigen in the fluid phase of suspension cultures with daily harvests for a prolonged period.
MATERIALS AND METHODS
Virus. The RV strain rubella virus (8) was used after 16 passages in primary African green monkey kidney cells. This inoculum had an infectivity titer of 4 .5 (TCID50 log1o) per ml. In studies in which a BHKadapted inoculum was employed, the RV strain rubella virus after 16 passages in primary African green monkey kidney monolayer cultures was passed to a BHK-21 (clone 13) suspension culture. Medium was changed daily as described below, and the supernatant fluid, obtained on the 20th day of the suspension system, constituted the BHK-adapted inoculum. This inoculum had an infectivity titer of 6.0 TCID50 logio per ml. In all studies, the multiplicity of infection was maintained at 0.1 to 1.0.
Suspension cultures. The BHK-21, clone 13 (3), cell line was cultured in minimal essential medium (Eagle's) with 10% fetal bovine serum, supplemented with penicillin and streptomycin (100 units and 100 ,g per ml, respectively) and nonessential amino acids, as well as sodium pyruvate. Suspension cultures were established by dissociating the monolayer cultures with 0.02%0 ethylenediaminetetraacetate and suspending the cells in Eagle's minimal essential medium (2).
The medium was supplemented with 10%0 kaolintreated fetal bovine serum, in addition to streptomycin, penicillin, nonessential amino acids, and sodium pyruvate. The cell population at the time of virus inoculation was adjusted to 106 cells/ml. Throughout the experiments, the volumes of the suspension cultures were adjusted to maintain a cell population in this range. Experiments were initiated with suspension cultures in 150-ml volumes. At 24-hr intervals, the suspension cultures were centrifuged at 600 X g for 10 min, and the sedimented cells were then resuspended to the original volume in fresh nutrient media. The inoculated cultures were incubated at 36 C. Cell counts were made daily with the use of trypan blue. Cultures were monitored weekly to insure the absence of contaminating bacteria or mycoplasmas.
Virus titrations. Infectivity titers of rubella virus were determined in primary African green monkey kidney tissue cultures by a modification of the enterovirus interference technique described by Schiff et al. (7) . Briefly, samples of supernatant fluid were withdrawn from suspension cultures after centrifugation at 600 X g for 10 min. Serial 1-log dilutions were made in Eagle's basal medium. Three primary African green monkey kidney tissue culture tubes were inoculated with 0.2 ml of each dilution. The overlay fluid was removed 10 days later and replaced with fresh maintenance medium containing 100 TCID50 of coxsackievirus A-9. Tubes were examined microscopically after 96 hr for cytopathic effects of coxsackievirus. The absence of such cytopathic change was interpreted as presumptive evidence for the interfering effect of RUBELLA HEMAGGLUTINATING ANTIGEN PRODUCTION rubella virus. The 50% interference (infectivity) end points were calculated by the method of Reed and Muench (6) . The presence of rubella virus was confirmed by neutralization tests with the use of rubella-specific antisera.
Preparation of the hemagglutinating antigen. The suspension cultures were centrifuged at 600 X g for 10 min. Supernatant fluids were harvested, and the packed cells were resuspended with fresh nutrient media, to the original volume. When viable-cell counts dropped below 500,000/mI, the volume of fresh media added was reduced to adjust the cell population to levels approximating 106 cells/ml. Portions of the antigen preparations were treated with Tween 80 and ether by the method described by Norrby (4) .
Hemagglutination (HA) and hemagglutination inhibition (HI) tests. The microtechnique HA and HI tests were employed (10) . Spiral loops and disposable microtiter "V" plates were used (9) .
HA and HI tests were performed in dextrose-gelatin-Veronal (DGV) buffer. Red blood cells were obtained by cardiac puncture of unfed, less than 24-hrold, white leghorn chickens. Red blood cells were washed three times in DGV and resuspended to a 0.16% (v/v) suspension in DGV.
For the microtiter HA test, 0.025-ml serial dilutions of the antigen were made in DGV diluent. DGV was added in a 0.025-ml volume, followed by a similar volume of a 0.16%/O suspension of red blood cells in DGV. Cells were allowed to settle at 4 C overnight. The test was read at room temperature, and the titer of the antigen was the reciprocal of the highest dilution showing complete HA.
All antigens found to have HA titer were then tested in the HI test. For the HI test, sera used were acute and convalescent human sera from proven cases of rubella. Sera were mixed with an equal volume of DGV (0.2 ml), 0.6 ml of 25% (w/v) acid-washed kaolin in DGV was added, and the mixture was shaken vigorously and incubated for 20 min at room temperature. The kaolin was sedimented by centrifugation at 4 C for 20 min at 600 X g. A 0.05-ml amount of a 50% suspension of chick red cells in DGV was added to the supernatant fluid. The mixture was shaken and stored at 4 C overnight. The suspension was centrifuged at 4 C for 20 min at 600 X g and the supernatant fluid was removed and inactivated for 30 min at 56 C. The serum was considered to be diluted 1:4 in the HI tests.
Serum titrations were carried out in serial twofold dilutions. Four units of HA antigen (0.025 ml) were added, and the mixture was incubated for 1 hr at room temperature. The red blood cell suspension (0.16%) in DGV was then added in a volume of 0.025 ml, and the cells were allowed to settle at 4 C overnight. The serum titer was considered to be the reciprocal of the dilution which completely inhibited HA. Red blood cell and serum controls, a simultaneous antigen titration, and red blood cell DGV controls were included in each test. sion culture in which the medium was changed daily for 25 days. The inoculum employed in this experiment was prepared in African green monkey kidney tissue culture with kaolin adsorbed serum in the medium. An HA titer of 8 was first noted on day 15. Titers of 8 to 16 persisted through day 25, at which time the experiment was terminated. This same general pattern was followed when the experiment was repeated.
RESULTS
After 30 days of storage at -70 C, the daily harvest fluids were individually treated with Tween 80 and ether. This resulted in a two-to fourfold increase in HA titer in about 50% of the harvests treated. After ether treatment, a peak titer of 64 was obtained on day 19; titers of the other daily harvests ranged from 16 to 32. In an attempt to prolong the number of days on which daily harvests continued to yield antigen with significant titer, a suspension culture was established from an infected BHK-21 suspension culture cell line prepared in this laboratory; this cell line has continued to yield infectious rubella virus and complement-fixing antigen in daily harvests in excess of 90 days (12) . Daily harvests of supernatant fluid were continued as in the previous suspension systems. Table 3 describes the development of rubella HA antigen in this system. With the exception of six harvests, rubella hemagglutinating antigen with titers of 8 or 16 were present in the daily harvests from day 4 through day 27.
In each of the studies described above, daily harvests of HA antigen in the fluid phase of suspension cultures were obtained in volumes of 100 to 150 ml. The three studies discussed above were repeated and the same general patterns were found.
DIscussIoN
The employment of suspension cultures for the production of rubella virus hemagglutinating antigen offers the advantage of obtaining large volumes of antigen in daily harvests of supernatant fluid for 8 to 17 days. When an inoculum adapted to the suspension culture tissue was used, hemagglutinating titers of 16 to 32 by the microtiter technique were obtained without the employment of extraction processes. Suspension cultures offer the further advantage of requiring only a small amount of incubator space. However, they require daily changes of media.
When HA antigen is produced in monolayer cultures by the method of Stewart et al. (10) , medium is changed on day 1 and when sampling demonstrates the presence of antigen, usually on days 4 through 7. Thus, when suspension cultures such as that shown in Table 2 are used, at least three more media changes are necessary than would be required in monolayer cultures. Such suspension cultures, however, will yield daily harvests of antigen in large volume and in titers of 8 to 32 for longer periods of time than do monolayer cultures. The suspension culture Titers based on the microtiter hemagglutination technique.
systems described in Table 2 failed to yield significant HA titers beyond the 12th day. After the 12th day, the viability of the cells in suspension culture, illustrated in Table 2 , progressively decreased. When this study was repeated, a similar phenomenon was again noted. In contrast to this, suspension cultures maintained by the methods illustrated in Tables 1 and 3 were easily maintained for 25 to 30 days. The employment of the BHK-adapted inoculum resulted in a relatively rapid production of HA antigen and may also have been associated with a more rapid infection of cells, inhibition of cellular division, and an accelerated rate of cellular destruction. These hypotheses need further investigation. The development of a method for the continuous production of rubella virus complement-fixing antigen and high-titered infectious virus in suspension culture with daily harvests in excess of 2 months has recently been reported by this laboratory (12) . These same daily harvests when tested for HA activity were found to have only nonspecific HA activity. In subsequent studies, cells from suspension cultures which had continued to produce virus and complement-fixing antigen for 63 days were cultivated in suspension cultures which were maintained in the presence of kaolin-treated serum. The daily supernatant harvests from such cultures derived from longterm suspension cultures and maintained in the presence of kaolin-treated serum are represented in Table 3 
